Background/Aims: The use of patient-reported outcomes in clinical trials is a focal point for research and policy. Non-compliance with planned questionnaires and missing data can threaten both internal validity and generalizability. This retrospective analysis was conducted to determine the extent of, and characteristics associated with, missing patient-reported outcomes. Methods: Study characteristics, patient characteristics and adverse events, and reasons for non-compliance were compiled from 14 closed Alliance for Clinical Trials in Oncology, Mayo Clinic Cancer Center, or Mayo Clinic Cancer Research Consortium clinical trials. Compliance rates were calculated for each patient using the number of booklets completed while the patient was on trial divided by the number of booklets the patient was expected to complete. Frequency counts and summary statistics were compiled. Logistic regression techniques were employed. Results: The 1640 included patients had a median age of 58 years and were mostly White (90.8%) and female (73.8%). Compliance rates per study ranged from 84.7% to 97.2%. The primary endpoint of overall compliance rate was 93.1%. A total of 1267 patients were compliant. Those non-compliant were slightly older (mean = 58.6 vs 57.5, p = 0.03) and had different types of cancers (p \ 0.01). There were no differences in compliance according to tumor status (p = 0.66), clinical stage (p = 0.81), baseline quality of life (p = 0.42 for 8 vs \8 and p = 0.12 for 6 vs \6), or maximum adverse event grade incidence (p = 0.33 for grade 2 + incidence and p = 0.36 for grade 3 + incidence). Reasons for non-compliance included patient refusal (N = 136), booklet not administered to patient (N = 199), no clinic visit at the scheduled time for booklet completion (N = 40), and at-home-completed booklet not returned (N = 224). Logistic regression indicates gender (p \ 0.01), race (p \ 0.01), performance score (p = 0.02), dose delay status (p = 0.01), and incidence of grade 3 or higher adverse event (p = 0.03) were correlates of compliance. Conclusion: Patient-reported outcomes have successfully been implemented into Alliance and Mayo Clinic trials with high rates of patient compliance. Further improvement in compliance can be made with staff commitment and education. Patients are typically non-compliant only when the task at hand is burdensome, unclear, or logistically challenging. Existing tracking systems used for the other trial outcomes should be utilized to ensure successful capture of patientreported outcomes.
Background
The use of patient-reported outcomes (PROs) in clinical trials continues to be a focal point for research and policy. 1, 2 Patient responses are utilized as measures of primary and secondary endpoints, and as such, completion of required assessments is necessary to draw proper conclusions. 3 Numerous efforts have summarized various key aspects of including PROs in clinical trials; 4 this report addresses the issue of patient compliance to ensure data completeness.
Non-compliance with planned questionnaires and resultant missing data can threaten both internal validity and generalizability. 5 Compliance rates have varied in the literature. Osoba and Zee 6 reported on average, the PRO rate for seven completed clinical trials conducted by the Clinical Trials Group of the National Cancer Institute of Canada was 93% at baseline and during treatment and 85% for off-treatment follow-up. Walker noted that for a study involving 159 patients with malignant glioma, only 20% of patients completed all four required PRO questionnaires. Compliance rates for admission and discharge questionnaires were in the 80th percentile range, but the rates dropped to the 50th and 60th percentile ranges for post-discharge assessments. Patient refusal accounted for only 6% of cases, while administrative failure (patient non-attendance, administrative errors or reluctance to assess ill patients, etc.) accounted for 72% of cases. 7 Cuffe et al. 8 reported 84% compliance for patients having head and neck cancer.
Patient agreement to comply with protocol PRO completion requirements in Mayo Clinic Cancer Center and North Central Cancer Treatment Group trials, now part of the Alliance for Clinical Trials in Oncology, has historically been high. However, a comprehensive audit of PRO completion has never been carried out to determine actual compliance rates or reasons for non-compliance. This retrospective metaanalysis was conducted in an exploratory manner to determine the extent of missing patient-completed forms and to determine if there are characteristics of the patient, clinical staff, or the parent trial that contribute to compliance rates. The ultimate goal is to use the information discovered to help ensure protocol procedures make it efficient and practical for patients to complete the PROs, thus resulting in more complete data and trial quality improvement.
Methods
This study was developed, approved, and carried out under the North Central Cancer Treatment Group (now Alliance) guidelines and procedures (protocol number N0992, Institutional Review Board number 09-002846). Data were compiled from 14 closed Alliance (Legacy North Central Cancer Treatment Group), Mayo Clinic Cancer Center, or Mayo Clinic Cancer Research Consortium clinical trials where patient compliance in completing PROs was documented (Table 1) . Each participant signed an institutional review boardapproved, protocol-specific informed consent in accordance with federal and institutional guidelines. In all studies, the PROs were compiled into booklets that included a cover page and a patient information sheet with an explanation of the content of the booklet and directions for booklet completion. As a part of routine data collection, a compliance form ( Figure 1 ) was completed to document the reason for the non-compliance when a patient did not complete any part of a booklet as required per protocol.
The current compliance form was developed to identify when missing PRO data would not be recoverable and to clarify reasons for non-compliance, so those issues could be addressed in the design of future trials. The previous version of the form collected patient refusal, unable to accommodate disability or language needs, staff unavailable, patient not given form by staff, patient did not like content of questions, site did not like content of questions, and other. The Mayo Clinic Cancer Control and Quality of Life statistical research team and investigators agreed that the options on the previous form either weren't appropriate or didn't contain enough detail to identify how to improve compliance and better serve the needs of the patient. The statistical team and investigators at Mayo Clinic Rochester collaborated with clinical research associates and quality assurance specialists to expand the noncompliance choices for better evaluation.
Data collected included study characteristics and baseline patient characteristics. In studies where a global measure of quality of life was asked of the patient, the response data were collected, and scores were converted to a 0-10 theoretical scale so all assessments had the same range. The median score was calculated, and patients were categorized as being less than median or greater than or equal to the median. Furthermore, patients were categorized as having a score less than 6 or greater than or equal to 6. The selection of 6 as a meaningful quality of life score was the result of previous research where a baseline score of less than 6 resulted in poorer survival. 9 Reasons for non-compliance, end of active treatment reasons, and adverse event data were collected on all studies. Patients were categorized as having a maximum adverse event grade of 2 or higher and 3 or higher, and incidences of clinical events of a dose delay and a dose reduction at any time during treatment were recorded as yes/no variables.
Compliance rates per patient were calculated, and patients were assigned a compliance status (yes for having complete data vs no for having non-complete data). Frequency counts and summary statistics were compiled. Simple logistic regression techniques were employed to determine if any patient characteristic, study characteristics, or clinical events influenced patient compliance.
The combined data sets comprised individual patient-level information. Simple unweighted analytic procedures were performed. Since this study was exploratory in nature, no formal power statement is provided. Data collection and statistical analyses were conducted by the Alliance Statistics and Data Center. Data quality was ensured by review of data by the Alliance Statistics and Data Center and by the study chairperson following Alliance policies. All analyses were based on the study database frozen on 7 April 2016. 
Booklet Compliance Form
Cycle ______ (derived field) INSTRUCTIONS: Select the primary reason the booklet was not completed. If indicated to specify further details in primary reason, complete "Specify reason booklet was not completed". Figure 1 . Booklet compliance form.
Reason booklet was not completed (check one)

Results
Patients in this meta-analysis had a median age of 58 years and were mostly White (91%) and female (74%) ( Table 2 ). They participated in clinical trials of any phase for any tumor type. Studies that used the specific compliance form and that were opened and closed to patient enrollment between April 2010 and July 2014 were included. Three of these trials were chemotherapy treatment trials, one was a quality of lifespecific study and 10 were cancer control studies. Each of the 14 trials included in this analysis had their own set of assessments and their own schedule for completion. Furthermore, the content of any booklet within any trial could have variability depending on when the booklet was administered. Thus, completion of a booklet (not individual assessments within a booklet) was selected as our tool of measurement.
Compliance rates per study ranged from 84.7% to 97.2% ( Table 3 ). The primary endpoint of overall percent of submitted booklets was 93.1% (10,358 completed out of 11,129 expected booklets). There were 1267 patients who were 100% compliant and 373 who were not. Those who were not compliant were slightly older (mean = 58.6 vs 57.5, p = 0.03), were on trial slightly longer (112 days vs 95 days, p \ 0.01), and had different cancer types (p \ 0.01). There were no differences in compliance according to tumor status (p = 0.66), clinical stage (p = 0.81), baseline quality of life (p = 0.42 for 8 vs \8 and p = 0.12 for 6 vs \6, the criteria indicating an effect on survival 9 ), or maximum adverse event grade incidence (p = 0.33 for grade 2 + incidence and p = 0.36 for grade 3 + incidence). Females were more likely to be compliant than males (81.3% vs 65.7%, respectively, p \ 0.001) as were Whites versus non-Whites (78.4% vs 65.6%, p \ 0.01). Patients who were between the ages of 50 and 64 years were more compliant (81.0%) than those less than 50 years (73.4%) or those 65 years or older (71%, p \ 0.01). Patients with an Eastern Cooperative Oncology Group performance status of 0 were more compliant than those with a performance status of 1-2 (79.1% vs 70.2%, p \ 0.01). Patients without dose reductions during treatment had a higher compliance rate than those without (78.3% vs 55.8%, p \ 0.01) as were those without having dose delays (80.6% vs 66.6%, p \ 0.01).
If a patient did not complete a booklet due to not completing the trial and the patient did not have a clinic visit at the time of going off-study, that event was not considered an expected booklet. There were 94 of these cases. If a patient was seen at the clinic but the patient was not offered a booklet to complete when they went off-study, that event was counted as an expected booklet since the patients should have been offered the booklet as a part of the evaluation. Reasons for non-compliance were recorded for 609 of the 771 missing booklets. They were patient refusal (N = 136), booklet not administered to patient (N = 199), no clinic visit at the scheduled time for booklet completion (N = 40), at-home-completed booklet not returned (N = 224), the patient moved (N = 8), the patient didn't realize the booklet needed to be completed (N = 1), and unknown (N = 1).
Within the patient refusal category, subcategory items selected to identify the reason for refusal were physical reasons (N = 40), mental or emotional reasons (N = 13), booklet was too long to complete (N = 2), patient didn't have time to complete the booklet (N = 1), and no reason given or unable to identify the reason (N = 80).
Within the not administered category, subcategory items selected were staff unavailable (N = 32), staff did not give patient a booklet to complete (N = 122), staff misinterpreted protocol (N = 39), patient was given the wrong booklet (N = 4), and the booklet was misplaced by the site (N = 2).
Within the no visit category, subcategory items selected were as follows: there was no clinic visit due to treatment being held or delayed (N = 7), there was no clinic visit scheduled by mistake (N = 10), and the patient missed or canceled the visit (N = 23).
Within the at-home booklet not returned category, subcategory items selected were patient did not have a booklet to complete (N = 1), patient indicated the booklet was sent but it was not received by the site (N = 57), patient did not complete, threw away, or lost the booklet (N = 30), and reason unknown (N = 136).
The two studies having lower compliance than the others are indicated in Table 4 . N0949 was a phase III trial for patients with colorectal cancer which had an 85.1% compliance rate. The main reasons for noncompliance were both patient driven (N = 11) and study personnel driven (N = 23). N1031 was a phase II trial for patients with breast cancer. The completion percentage was 84.7% which was distributed between patient-driven reasons (N = 22) and study personneldriven reasons (N = 4). There was one patient on this study who refused to complete any booklet. If this patient was removed from the analysis, the completion percentage rose to 89.7%.
Logistic regression results were predominantly consistent with the group comparisons, above. Males were 36% less likely than females to be compliant, Whites were 2.3 times more likely to be compliant than non-Whites, those with a performance score of 1-2 were 68% less likely to be compliant than those with a performance score of 0, those with a grade 3 or higher maximum adverse event grade were 2.4 times more likely to be compliant, and those with dose delays were 1.5 times more likely to be compliant. 
Discussion
Overall, the compliance rates for PRO booklet completion on these studies were high. With the exception of three studies, the compliance rate was above 90%. A perception existed that patient refusal to complete questionnaires was the primary reason for non-compliance. 6 Our data suggest that while 22% of the non-compliance cases (136/609) indicated refusals, it was not simply a matter of patients not wanting to fill out the questionnaires. While the most common subcategory in this area was reason unknown (59%, 80/136), there were both physical (29%, 40/136) and emotional reasons (10%, 13/136). Another main reason for missing booklets was due to staff error (33% (199/609)). These indicate that the communication to staff about process was an underlying theme contributing to the non-compliance. This is important to recognize so that precautions may be taken to achieve compliance. Patient burden has been indicated as a reason for non-compliance in other studies. [10] [11] [12] In our responses, only one patient indicated that the booklet was too long to complete. For most studies, the compliance rates did not seem to have been effected by the number of booklets required nor the number of assessments within a specific booklet. For example, in study MC09C4, patients were required to complete a hot flash diary daily for 49 days plus complete a side-effects questionnaire at the end of each week for 7 weeks and complete two other assessments at both baseline and end of study. These were bound into one booklet, and the study had a 95.3% compliance rate. In studies N08CB and MC11C4, patients were to complete a booklet for 6 days every cycle of chemotherapy (14 day cycles for 6 months) and at five post-chemotherapy time points. The compliance rates for these studies were 92.2% and 91.7%, respectively. In contrast, for study N0949, patients completed one booklet with seven assessments at baseline, a booklet with two assessments every 14-or 21-day cycle during active monitoring, a booklet with two assessments every 3 months during active monitoring, and a booklet at two time points with eight assessments during observation. The compliance rate for this study was 85.1%, but interestingly no one on N0949 commented that there were too many booklets or the booklets were too long. For our lowest compliance rate (84.7%) on study N1031, patients completed multiple booklets with only two assessments per booklet. On study N08CB, there was one patient who declared the booklet was too long at two different time points. This choice was not on the compliance form; thus, this response for patient refusal might be under reported.
A problem area that can be controlled is the case where patients are not provided with the PRO booklets to complete, for any reason. Education on the protocol conduct may be key, and specific instructions should be written in the protocol. It should be ensured that patient-completed booklets are available when patients are enrolled. Another area that may be improved is when patients do not complete required booklets outside of a clinic visit. This may occur when study participation has ended or when the patient is in follow-up. Phone calls or other forms of communication could be options for reminding patients to send in completed booklets. Note that this may not be feasible for large clinical trials. Some protocols in this analysis directed staff to encourage patients to complete booklets even if they did not complete the study while some protocols did not; thus, there is a need for directives in the cases where patients do not complete study per protocol, but booklets are still required. In this study, the return rate for booklets completed at home is not ideal (37% of non-compliant PROs, 224/609).
Langel 13 reported that healthier populations perform better than sicker populations in regard to compliance in completing questionnaires; however, they also stress that reasons for successful questionnaire completion may be due to key study success factors rather than better indications. Our high compliance rates would suggest that while illness will always be a potential barrier to patient participation, solid design and implementation practices can blunt this effect as suggested by Langel. Compliance for very ill patients may actually, in some situations, be superior as it is recognized that they get the needed assistance in completing assessments. Specific suggestions from Langel are to have user-focused PRO design, have efficient compliance management tools such as online reports and email notifications, and have an active study team who will utilize the monitoring tools to increase compliance.
Furthermore, our results are similar to those reported by Ross and O'Gorman 14 as part of a literature review on the usage of electronic patient-reported outcomes (ePROs). They indicated that patients would prefer to have simple directions and be trained. They identified reminder issues as main reason for noncompliance and that 80% of responders preferred email and 55% preferred text for reminders to complete ePRO entries.
Problem areas that do not have simple solutions are the cases where staff were unable to contact patients to remind them to send in completed booklets (8 (1%) of the 135 unknown reasons for at-home booklet not returned) or where the patient claimed the booklet was lost, thrown away, or not completed (30 (14%) of the 223 not returned booklets). These issues contribute to the inherent reality of the existence of missing data as a result of conducting any clinical trial. The use of modern technology for data capture may reduce the frequency of these issues. Email, cell phones, texting, and multimedia applications provide multiple communication opportunities for the patient to make inquiries of the medical staff and for the medical staff to encourage the patient to complete PROs. PROs may be completed via tablets, iPads, cell phones, and computers after receiving a reminder and a link to an online survey (e.g. REDCap 15 or Qualtrics 16 ). Basch et al. 17 have shown that success may be achieved in utilizing tablet computers to record patient-reported symptoms between visits. Modern technology can help, but it has its own issues. It does reduce physical communication and interaction between the patient and the medical staff. And the issue of staff engagement remains vital. If the PROs are to be completed at the clinic visit, the staff must give the device to the patient, and there needs to be a mechanism in place to deal with technological problems. Noncompliance issues could occur just as easily as with paper. Finally, in a study presently accruing (Sloan R01 CA154537-4) comparing paper to computer to an interactive voice response system, it has been found that people are individualistic in their preference of assessment modality (unpublished data). In fact, some patients and staff simply prefer paper and enjoy a break from being on a computer.
Conclusion
We have been successful in identifying and resolving issues around patient compliance by utilizing booklets as a professional way to present the PROs to the patient, by explaining our expectations for booklet completion to the patient, and by providing clear instructions in the protocols on how to administer the booklets, but improvements are always possible. Staff commitment and education regarding PRO completion are vital to successful collection of data. Patients do want to provide their perspective and are typically noncompliant only when the task at hand is burdensome, unclear, or logistically challenging. Existing tracking systems used for the other trial outcomes should be utilized to ensure successful capture of PROs.
